
Low-density, ablative thermal-protec-
tion panels can be made by impregnating
fibrous ceramic substrates with organic
polymers. With proper design and fabrica-
tion, these panels can protect temporarily
against temperatures up to 3,500 °C or
heat fluxes up to 16 MW/m2.

Like ablative thermal-protection panels of
older types made of other combinations of
materials, the panels of the present type
absorb and dissipate incident heat through
depolymerization and charring of resins,
transpiration (blowing of gaseous pyrolysis
products from boundary layers), and radia-
tion from charred surface layers. In compar-
ison with panels of older types, the panels
of this type are more porous; thus, gaseous
pyrolysis products can percolate more
freely. The panels of the present type also
dissipate heat through additional mecha-
nisms that can include vaporization of
ceramic fibers and radiation from the heat-
ed surfaces of the ceramic substrates.

At a heat flux in the approximate range
of 1 to 2.5 MW/m2, the surface layer that
forms on a typical panel of the present
type includes not only a char formed by
decomposition of the organic material but
also the coalesced ends of ceramic fibers.
The resulting char layer that builds up on
the surface is stronger than are the char
layers that build up on ablative thermal-
protection panels of older types, and the
surface-recession rate for this panel is
therefore lower.

Another contribution to thermal protec-
tion arises from a complex of additional
mechanisms that also occur at a heat flux in
the approximate range of 1 to 2.5 MW/m2:
If, for example, the ceramic fibers are made
of silica, then during pyrolysis, the organic
material can react with the fibers to form a
layer of silicon carbide protected by a thin,
glassy layer of silicon dioxide. The glassy
layer makes the panel less catalytic and
thereby reduces the rate of convective
heating. The surface is also highly emissive
and therefore most of the energy absorbed
at the surface is reradiated. The combina-
tion of reduced convective heating and

reradiation helps to suppress loss of mass
and recession of the surface.

At a heat flux in the approximate range
of 4.3 to 16 MW/m2, the panel dissipates
incident heat almost entirely by reradiation
and micro spallation or evaporation of the
ceramic substrate. The combination of a
resin that has a high char yield and a sub-
strate that has a high melting temperature
enables the panel to reradiate heat effi-
ciently from the heated surface without
undergoing melting or significant mechan-
ical failure.

Fibrous substrates for these panels can
be made of any of a variety of ceramic

materials; for example, silica (mentioned
above), zirconia, boria, hafnia, or silicon
carbide, to name a few. Organic materials
suitable for infiltration into the substrates
include thermoplastic and thermosetting
resins. Substrates can be impregnated
evenly throughout their thicknesses; alter-
natively, by suitable design of infiltration
processes, one can obtain gradients in
the densities of the polymers.

The figure illustrates an apparatus and
process for impregnating a ceramic sub-
strate with a resin. The burette on top of the
vacuum chamber is initially filled with a resin
solution. Also initially, the beaker in the vac-
uum container is empty. The substrate is
placed in the beaker, then the chamber is
evacuated, then the solution is allowed to
flow into the beaker until the substrate is
entirely immersed. Then the chamber is
disconnected from the vacuum pump and
vented to the atmosphere, forcing the solu-
tion into the interstices of the substrate.

Next, the impregnated substrate is
removed from the beaker and subjected to
further processing that depends on the type
of resin and the desired uniformity or gradi-
ent of density; for example, to achieve even
impregnation with a thermoplastic resin, the
substrate can be dried slowly in air. When
processing is complete, the fibers are coat-
ed with a polymer. Typically, the resulting
panel has a void volume fraction between
85 and 93 percent, a density between 0.17
and 0.3 g/cm3, and a resin content
between 30 and 60 weight percent.
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The Fibrous Ceramic Substrate Is Impreg-
nated with the resin solution in this apparatus.
The impregnated substrate is then processed
further to obtain a porous fibrous ceramic panel,
the fibers of which are coated with a polymer.


